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BACKGROUND 


1 . Field of the Invention 

[0001] The present invention relates to packages for semiconductor chips or other electronic 
devices, and leadframes for making the packages. 

2. Description of Related Art 

[0002] A typical package for a semiconductor chip includes an internal metal leadframe, which 
functions as a substrate for the package. The leadframe includes a central die pad and a plurality 
of leads that radiate outward from the die pad. A hardened, insulative encapsulant material 
covers the die, die pad, and an inner portion of each of the leads. 

[0003] The semiconductor chip is mounted on the die pad and is electrically connected to the 
leads. In particular, the chip includes a plurality of bond pads, each of which is electrically 
connected by a bond wire or the like to an inner end segment that is at an inner end of one of the 
leads. An exposed portion of each lead extends outward from the encapsulant, and serves as an 
input/output terminal for the package. 

[0004] In the market for semiconductor packaging today, there is a trend toward increased 
package functionality. This trend includes increasing the number of leads provided in a package. 
At the same time, there is a trend toward smaller, more compact packages. In keeping with these 
trends, ever finer leads and inner end segments are required. It can be difficult to meet this 
industry need while also keeping the cost of the package within reason. Limitations on known 
methods for making leads and inner end segments, such as chemical etching or mechanical 
stamping, also makes meeting industry needs difficult, as these methods have inherent 
limitations as to how fine and dense the leads and the inner end segments can be made. At the 
same time, the inner end segments must be wide enough to serve as a site for electrical 
connection to a wire or some other conductor that electrically connects the respective inner end 
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segment to the chip. Accordingly, an improved method of making a leadfirame is desirable. 
SUMMARY 

[0005] An exemplary embodiment of the present invention is a leadframe having a plurality of 
leads, wherein an inner end segment of each of the respective leads is spaced or separated from 
an adjacent lead or leads by a gap created in the z-direction (i.e., normal to the leadframe 
surface), rather than in the x-y plane (i.e., the plane in which the leadframe surface lies). Such a 
configuration may be formed, for example, by using a partial etch method described herein. By 
separating each lead from the adjacent lead(s) in the z-direction, more leads maybe included in 
the leadframe. 

[00061 hi accordance with another embodiment, a leadframe comprises a plurality of leads, with 
each lead comprising an inner end segment beginning at an inner end of the lead, the inner end 
segment including a first surface and an opposing second surface. A first subset of the leads 
each include a recess in the first surface of the inner end segment. A second subset of the leads 
each include a recess in the second surface of the inner end segment. Individual leads of the first 
subset are situated in an alternating lateral pattern with individual leads of the second subset such 
that the recesses of adjacent inner end segments are oriented in opposite directions. The recesses 
of at least some of the inner end segments can extend to the inner end of the lead. Further, the 
recesses of at least some of the inner end segments of either the first subset of leads or the second 
subset of leads can be set back from the inner end of the lead. 

[0007] These and other aspects of the present invention will be more apparent in view of the 
following detailed description of the exemplary embodiments and the accompanying drawings 
thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] FIG. 1 is a top plan view of a leadframe. 

[0009] FIG. 2A is a perspective view of a portion of a leadframe constructed in accordance with 
an embodiment of the invention. 

[0010] FIG. 2B is a side view of a portion of a lead and an inner end segment from the leadframe 
illustrated in FIG. 2A. 

[0011] FIG. 2C is a side view of a portion of another lead and another inner end segment from 
the leadframe illustrated in FIG. 2A. 

[0012] FIG. 2D is side view of the inner ends of the leads of FIG. 2 A. 

[0013] FIG. 3 is a top plan view of the leads and inner end segments shown in FIG. 2 A. 

[0014] FIG. 4A is a perspective view of a leadframe including pedestals at the inner ends of 
alternating leads in accordance with another embodiment of the invention. 

[0015] FIG. 4B is a side view of a portion of a lead and an inner end segment from the leadframe 
illustrated in FIG. 4A. 

[001 6] FIG. 4C is a side view of a portion of another lead, another inner end segment, and a 
pedestal from the leadframe illustrated in FIG. 4A. 

[0017] FIG. 5 is a perspective view of a leadframe including pedestals for mounting a flip chip 
in accordance with yet another embodiment of the invention. 

[001 8] FIGS. 6A, 6B, and 6C illustrate a method of forming the leadframe of FIG. 2A in 
accordance with an embodiment of the invention. 

[0019] FIG. 7A, 7B, and 7C illustrate another part of the method of FIGS. 6A-6C. 

[0020] FIGS. 8 and 9 are plan views of the opposing photoresist masks shown in FIGS. 6 A and 
7A, respectively. 

[0021] FIGS. 10 and 1 1 are plan views of opposing photoresist masks that may be used to make 
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the leadframe of FIG. 4A in accordance with an embodiment of the invention. 

[0022] FIG. 12 is a cross-sectional view of a semiconductor package formed according to an 
embodiment of the invention. 

[0023] In the drawings, like features are typically labeled with the same reference numbers 
across the various drawings. 
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0024] FIG. 1 is a top plan view of a portion of a leadframe 100 that will provide context for the 
discussion below. Practitioners will appreciate that the techniques of the present invention may 
be used to make leadframes having a wide variety of configurations. Accordingly, the overall 
configuration of leadframe 100 is exemplary only. 

[0025] Leadframe 100 is formed from a metal, such as copper. Other metals also can be used, 
including, but not limited to, copper alloys, plated copper, plated copper alloys, copper plated 
steel, Alloy 42, Alloy 37, or any other material that is conductive and can be used for making 
leadframes. Typically, a plurality of leadframes are formed in a contiguous metal sheet, and the 
leadframes of the sheet are processed through package assembly as a single unit. 

[0026] Leadframe 100 includes a closed internal frame, denoted as dam bar 102, that supports a 
plurality of leads 104 and a planar rectangular die pad 106. Although not shown in FIG. 1, leads 
104 may extend outward beyond dam bar 102. The portion of leads 104 within dam bar 102 are 
encapsulated later in the assembly process. 

[0027] Die pad 106 is at a central region of leadframe 100 and serves as a base upon which a 
semiconductor chip is ultimately mounted. Each of the four corners of die pad 106 is connected 
by a tie bar 108 to dam bar 102. A downset 1 10 is provided in tie bars 108 so that die pad 106 is 
vertically below leads 104. Dam bar 102 will be severed from leads 104 and tie bars 108 after an 
encapsulation step during package assembly, thereby leaving the package with a plurality of 
encapsulated leads 104 that are electrically isolated from each other. 

[0028] Leads 104 extend inward from dam bar 102 toward all four sides of die pad 106, as in a 
quad package. Each lead 104 has an inner end segment, denoted herein as inner end segment 
104a, that is proximate to die pad 106, and a longer, outer second portion 104b that is between 
inner end segment 104a and dam bar 102. In FIG. 1, inner end segments 104a are shown within 
the dashed line. Ultimately, inner end segment 104a of each of the leads 104 is electrically 
connected by a bond wire, tab, or some other electrical conductor to the semiconductor chip that 
is to be mounted on die pad 106 (see, e.g., FIG. 14). Typically, inner end segments 104a of leads 
104 are plated with silver or some other common metal to facilitate connection to the bond wire 
or other conductor that extends to the chip. A nonconductive adhesive strip 112, which may be 
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formed of polyimide, may be applied in a ring onto second portion 104b of leads 104 for stability 
during processing and to maintain leads 104 at proper positions relative to one another. This can 
help to prevent two adjacent leads 104 from bending. 

[0029] As mentioned, leadframe 100 is normally formed from a solid metal sheet that is 
patterned to create the configuration shown in FIG. 1. Conventionally, the patterning process 
involves either a chemical etching process or a mechanical stamping process. 

[0030] A typical chemical etching process uses photolithography, a photoresist mask, and a 
metal-dissolving liquid chemical to etch a pattern into the metal sheet that is being used to make 
leadframe 100. The liquid chemical etches away all portions of the metal sheet not masked by 
the photoresist mask, leaving behind the desired pattern that forms leadframe 100. The stamping 
process, on the other hand, uses a series of progressive dies to cut out portions of the metal sheet 
to create leadframe 100. 

[0031] As mentioned above, there is a trend in the industry toward increasing the number of 
leads in a leadframe. There are several constraints that limit the number of leads that can be 
provided in a leadframe when made using the conventional methods described above. Using the 
example of FIG. 1, the overall size of leadframe 100, as well as the surface area taken up by die 
pad 106, are two such constraints. These elements are generally made as small as possible to 
minimize the footprint of the semiconductor package when complete. Another constraint is the 
space available within dam bar 102 for leads 104, which is directly related to the combination of 
the size of leadframe 100 and the surface area of die pad 106. 

[0032] Two other constraints that limit the number of leads 104 in leadframe 100 are the width 
of inner end segments 104a, and the width of the spaces between inner end segments 104a. 
These widths are measured in what is herein referenced as the x-y plane (i.e. the plane that the 
leadframe substantially lies in). Minimizing these widths creates room for additional leads 104 
to be provided in leadframe 100. Unfortunately, there is a limit to how much the width of inner 
end segments 104a can be minimized because the surface area of inner end segments 104a 
cannot go below a standard limit for the attachment of bond wires or other chip coupling means. 
Inner end segments 104a must allow for the space taken up by the bond wire or other chip 
coupling means, as well as allowing for tolerances in the bonding system. 
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[0033] The present invention provides for reducing the spacing between adjacent inner end 
segments 104a, and thereby achieves an increased density of leads 104, while maintaining the 
width of inner end segments 104a at a width appropriate for whatever types of conductor (e.g., 
bond wires) and conductor attaching equipment that are used to electrically connect inner end 
segments 104a to the semiconductor chip to be mounted on the leadframe. To achieve this 
objective, the conventional methods of forming inner end segments 104a must be discarded, 
since these methods leave considerable unused space between inner end segments 104a in the x-y 
plane. 

[0034] In accordance with embodiments of the present invention, leads and inner end segments 
are provided where the spacing between inner end segments is substantially provided in the z- 
direction rather than in the x-y plane. As used herein, the z-direction refers to a direction that is 
normal to the x-y plane (i.e., normal to the surface of the leadframe). Accordingly, spacing 
between adjacent inner end segments 104a in the x-y plane can be substantially minimized or 
eliminated. This reduction of spacing in the x-y plane allows for a greater density of leads 104 in 
leadframe 100. 

[0035] A leadframe constructed in accordance with one embodiment of the invention includes 
leads with inner end segments, where adjacent inner end segments have recesses formed on 
opposing surfaces. For instance, one inner end segment can have a recess formed on its top 
surface, while an adjacent inner end segment can have a recess formed on its bottom surface. 
This arrangement produces recesses on adjacent inner end segments that are oriented in opposite 
directions. Each recess can further have a depth that is greater than half the thickness of the lead 
and can extend to an inner end of the lead. Recesses configured as such create a gap between 
adjacent inner end segments in the z-direction, the gap being sufficient to electrically isolate 
adjacent inner end segments from one another. For that reason, spacing between adjacent inner 
end segments in the x-y plane is no longer required. 

[0036] FIG. 2 A is a perspective view of a portion of a leadframe 120 formed in accordance with 
an embodiment of the invention. Leadframe 120 includes a first subset of leads 200. Each lead 
200 has an inner end segment 200a and an outer portion 200b between inner end segment 200a 
and dam bar 102 (not shown). Leadframe 120 also includes a second subset of leads 202. Each 
lead 202 has an inner end segment 202a and an outer portion 202b between inner end segment 
202a and dam bar 102 (not shown). Inner end segments 200a and 202a extend a short distance 
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outward from inner end 210 of the lead 200, 202, and have recesses 204 (labeled in FIGS. 2B 
and 2C) formed thereon. Accordingly, inner end segments 200a, 202a have a reduced vertical 
height relative to the remaining unrecessed outer portions 200b, 202b of leads 200, 202 (with the 
term "vertical" referring to the z-direction). More specifically, each inner end segment 200a has 
a recess 204 formed on a top surface 206 of lead 200, and each inner end segment 202a has a 
recess 204 formed on an opposite bottom surface 208 of lead 202. In FIGS. 2A-2C, recesses 204 
extend to an inner end 21 0 of each lead 200 and 202. 

[0037] FIG. 2B is a side view of a portion of lead 200 and inner end segment 200a. Lead 200 is 
shown with recess 204 formed inward from top surface 206, thereby reducing the vertical height 
of inner end segment 200a relative to the outward remainder of lead 200. Recess 204 extends 
through inner end 210 of lead 200. Bottom surface 208 of lead 200 is not recessed, but rather is 
a continuous plane across inner end segment 200a and outer portion 200b of the lead 200. 

[0038] FIG. 2C is a side view of a portion of an adjacent lead 202 and inner end segment 202a. 
Lead 202 is shown with recess 204 formed inward from bottom surface 208, thereby reducing 
the vertical height of inner end segment 202a relative to the outward remainder of lead 202. As 
in FIG. 2B, recess 204 extends through inner end 210 of lead 202. Top surface 206 of lead 202 
is not recessed, but rather is a continuous plane across inner end segment 202a and outer portion 
202b of the lead 202. 

[0039] Returning to FIG. 2A, individual leads 200 are situated in an alternating lateral pattern 
with individual leads 202. As a result, there are no leads 200 adjacent to other leads 200, and 
there are no leads 202 adjacent to other leads 202. Also illustrated in FIG. 2 A are a portion of a 
down set rectangular die pad 212 and a tie bar 214 used for mounting die pad 212 to a dam bar 
(not shown). Die pad 212 and tie bar 214 (which is integrated with a corner of die pad 212) are 
not reduced in thickness, but rather have the same thickness as the unrecessed portion of leads 
200, 202. 

[0040] In an embodiment of the invention, inner end segments 200a and 202a have a width that 
is approximately equal to the standard limit for the attachment of bond wires or other chip 
coupling means. This standard limit only applies to inner end segments 200a and 202a, 
therefore, the unrecessed outer portion 200b, 202b of leads 200, 202 can have a width that is 
narrower than inner end segments 200a and 202a (see Fig. 3). This allows for spaces in the x-y 
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plane between adjacent leads 200 and 202 so as to electrically isolate them from one another in a 
package. 

[0041] Outer portions 200b, 202b of leads 200,202 have a vertical height that corresponds to the 
thickness of the metal sheet used to form leadframe 100. This thickness is normally in the range 
of two to fifteen mils, typically around five or six mils. Inner end segments 200a and 202a, on 
the other hand, have a reduced vertical height due to recesses 204 formed in them. According to 
embodiments of the invention, the vertical height of inner end segments 200a and 202a can be 
less than half of the vertical height of the outer portions 200b, 202b of leads 200 and 202. In the 
embodiment of FIG. 2 A, for example, inner end segments 200a and 202a have a vertical height 
that is approximately twenty to thirty percent of the vertical height of the outer portions 200b, 
202b of the leads 200 and 202. So if outer portions 200b, 2002b of the leads 200 and 202 of 
FIG. 2A generally have a vertical height of approximately six mils, then inner end segments 
200a and 202a can have a vertical height in the range of approximately one to two mils. In other 
embodiments of the invention, the height of inner end segments 200a and 202a can vary over a 
much wider range. 

[0042] As shown in FIG. 2A and as mentioned above, leads 200 are arranged in an alternating 
lateral pattern with leads 202. Each inner end segment 200a is therefore adjacent only to one or 
two inner end segments 202a, and each inner end segment 202a is adjacent only to one or two 
inner end segments 200a. As a result, recesses 204 on adjacent inner end segments 200a and 
202a are oriented in opposing directions. Since the vertical height of inner end segments 200a 
and 202a is less than half of the vertical height of outer portions 200b, 202b of the leads 200, 
202, there is a gap between adjacent inner end segments 200a and 202a in the z-direction. This 
gap is sufficient to electrically isolate adjacent inner end segments 200a and 202a from one 
another in a package, thus eliminating the need for spacing between adjacent inner end segments 
200a and 202a in the x-y plane. 

[0043] In the embodiment shown in FIG. 2 A, the gap created between adjacent inner end 

segments 200a and 202a in the z-direction is around one to four mils in length. This is calculated 

using the dimensions provided above, namely, outer portions 200b, 202b of the leads 200 and 

202 being five to six mils in vertical height, and inner end segments 200a and 202a being one to 

two mils in vertical height. If the dimensions of leads 200 and 202 and inner end segments 200a 

and 202a were to vary, so too would the dimensions of the gap created between adjacent inner 
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end segments 200a and 202a in the z-direction. 

[0044] Practitioners will appreciate that, to create gaps in the z-direction, the vertical height of 
inner end segments 200a and 202a is desirably less than half of the vertical height of outer 
portions 200b, 202b of the leads 200 and 202. In other words, the vertical depth of recess 204 is 
more than half the vertical height of an unrecessed portion of lead 200, 202 between top surface 
206 and bottom surface 208. If the vertical height of both of inner end segments 200a and 202a 
is greater than half of the vertical height of leads 200 and 202, adjacent inner end segments 200a 
and 202a could contact one another and will not be electrically isolated. 

[0045] According to another embodiment of the invention, only one of inner end segment 200a 
or 202a can have a vertical height that is greater than half of the vertical height of lead 200 or 
202. In this embodiment, the other of inner end segment 200a or 202a should have a vertical 
height that is small enough to still create a gap in the z-direction. This is necessary to allow 
adjacent inner end segments 200a and 202a to be electrically isolated from one another. 

[0046] FIG. 2D is a front view of leads 200 and 202 of Figs. 2 A and 3 formed in FIG. 6 and 
viewed from inner end 210 of the lead 200, 202. FIG. 2D clearly demonstrates the spaces 
between adjacent outer lead portions 200b, 202b in the x-y plane, the gaps between inner end 
segments 200a and 202a in the z-direction, and the lack of space between inner end segments 
200a and 202a in the x-y plane. Despite the lack of space between inner end segments 200a and 
202a in the x-y plane, each of lead 200 with its corresponding inner end segment 200a is adapted 
to be electrically isolated from each adjacent of lead 202 and its respective inner end segment 
202a in a package made using the leadframe. 

[0047] FIG. 3 is a top plan view of leads 200 and 202 and inner end segments 200a and 202a 
from FIG. 2 A. The absence of spacing between adjacent inner end segments 200a and 202a in 
the x-y plane is more evident in this top plan view. Again, this lack of spacing in the x-y plane is 
compensated for by the spacing provided in the z-direction. The minimization of x-y plane 
spacing allows additional leads 200 and 202 and wider inner end segments 200a and 202a to be 
included in leadframe 120, thereby increasing the density of leadframes constructed according to 
embodiments of the invention, while still allowing sufficient area for forming connections to the 
inner end segments of the leads. 
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[0048] Of course, while zero spacing is shown in FIG. 3 in the x-y plane between adjacent inner 
end segments 200a, 202a, an alternative embodiment may have some very small horizontal 
spacing between adjacent inner end segments 200a, 202a due, perhaps, to tolerances in the 
photolithography and etching processes or a design choice. Generally, however, the vertical, z- 
direction spacing between corresponding points on the recessed surfaces of adjacent inner end 
segments 200a, 202a will be greater than the horizontal spacing between the closest portions of 
the recessed surfaces of those adjacent inner end segments 200a, 202a. If necessary, horizontal 
spacing may be added by design to achieve required spacing between leads in a diagonal 
direction, thereby adding to the vertical spacing. 

[0049] FIG. 4 A is a perspective view of a portion of a leadframe 130 constructed according to 
another embodiment of the invention. In this embodiment, recesses 204 on inner end segments 
202a are set back from inner ends 210 of leads 202, thereby forming pedestals 400 located at the 
respective inner ends 210 proximate to die pad 212. Pedestals 400 have the same vertical height 
as the unrecessed outer portions 202b of leads 202 outward of inner end segments 202a. To 
prevent contact with inner end segment 200a of the adjacent lead(s) 200, inner end segments 
202a can extend further toward the center of leadframe 130 proximate to die pad 212 than inner 
end segments 200a. This allows pedestals 400 to be located in the x-y plane a distance away 
from inner end segment 200a of adjacent leads 200 to avoid contact and remain in electrical 
isolation in a package. 

[0050] FIG. 4B is a side view of a portion of lead 200 and inner end segment 200a of FIG. 4A. 
Lead 200 is constructed similarly to lead 200 in FIG. 2A. FIG. 4C is a side view of a portion of 
lead 202 and inner end segment 202a of FIG. 4A. Lead 202 is constructed with recess 204 set 
back a selected outward distance from inner end 210, thus creating pedestal 400. As seen by a 
comparison of FIG. 4B to FIG. 4C, lead 202 can be longer than the adjacent lead(s) 200 so that 
inner end segment 202a extends inward further than inner end segment 200a. This prevents 
pedestal 400 from making contact with inner end segment 200a of the adjacent lead(s) 200. 

[0051] A function of pedestal 400 is to provide mechanical support to inner end segment 202a 
during a wire bonding process. For instance, a wire bonding tool (not shown) sequentially 
pushes each inner end segment 200a and 202a downward against an underlying heater block 
when attaching bond wires thereto. Because inner end segments 202a of leads 202 of Fig. 2A 
are suspended above the heater block, they travel downward upon contact and may possibly 
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become bent by the wire bonding tool. Pedestals 400 of Fig. 4A can provide inner end segments 
202a with the mechanical support necessary to withstand this method of mounting bond wires, 
since downward travel of the lead 202 is minimized by pedestal 400. The result is a more robust 
wire bonding process. To provide maximum support, the wire bonding tool can attach the bond 
wire to inner end segment 202a directly on pedestal 400, thereby substantially reducing the 
downward travel of the lead 202. 

[0052] FIG. 5 is a perspective view of a portion of a leadframe 140 constructed according to yet 
another embodiment of the invention. Here, the recess 204 in the inner end segment 200a of 
each lead 200 is set back from the inner end 210 of the lead 200, thereby forming a pedestal 500 
located at inner end 210 of the lead 200 proximate to die pad 212. Like pedestals 400 of Fig. 4A, 
pedestals 500 generally have the same vertical height as outer portions 200b, 202b of leads 200 
and 202a. To prevent pedestals 500 of inner end segments 200a from contacting adjacent inner 
end segments 202a, inner end segments 200a can extend further toward the center of leadframe 
140 proximate to die pad 212 than inner end segments 202a so that they are spaced in the x-y 
plane. This maintains the electrical isolation of inner end segments 200a and 202a in a package. 

[0053] The presence of pedestals 500 provides bonding surfaces for inner end segments 200a 
that are located in the same plane as inner end segments 202a. One use of the configuration of 
Fig. 5 is with a "flip chip" interconnection. A flip chip is a semiconductor chip that is mounted 
to leads without the use of bond wires. The active surface of the flip chip has a grid of solder 
balls or other contacts thereon that are used as its connectors. The solder balls or other contacts 
are placed directly into contact with pedestals 500 and inner end segments 202a, thereby bonding 
the flip chip to inner end segments 200a via pedestals 500, and to inner end segments 202a. 
Because a reflow process is typically used to create the bonds, mechanical support for inner end 
segments 202a is generally not required. 

[0054] According to another embodiment of the invention (not shown), inner end segments of a 
third subset of alternating leads can be provided that include recesses formed on both a top 
surface and a bottom surface of the inner end segment. This results in an inner end segment that 
has a reduced vertical height relative to the outward remainder lead, and that is located 
approximately midway between the top surface and the bottom surface of the lead. The doubly- 
recessed inner end segment of this third subset of leads can be situated between adjacent inner 
end segments 200a and 202a of leads 200, 202 of FIG. 2A, thereby providing a three-tiered inner 
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end segment structure. Provided that these inner end segments have a small enough vertical 
height, they will be electrically isolated from one another in a package by gaps provided in the z- 
direction. 

[0055] The above-described leadframes may be formed from a metal sheet by an etching process 
in accordance with an embodiment of the invention. A single etching step is used, but for 
purposes of illustration, aspects of the single process are shown in FIGS. 6A-C and 7A-C. For 
this example, the object is to make the leadframe of FIGS. 2A-C and 3. 

[0056] Generally, a photoresist mask is formed on both of the opposed top and bottom surfaces 
of a metal sheet 606 (see FIGS. 6A and 7A). Referring to FIGS. 2A and 3, the photoresist mask 
portions 700 for forming the recessed inner end segments 200a, 202a of leads 200, 202 are 
shown in FIG. 7A, and the photoresist mask portions 600 for forming the relatively narrower 
outer portions 200b, 202b of the leads 200, 202 are shown in FIG. 6A. Other portions of the 
opposing photoresist masks, which portions are not shown, mask metal that will form die pad 
212, tie bars 214, and the dam bars of the leadframe 120. 

[0057] Note that the mask portions 700 on upper surface 602 of sheet 606 of FIG. 7A for 
forming inner end segments 202a do not, or do not substantially, overlap the mask portions 700 
on second surface 604 of sheet 606 for forming inner end segments 200a. Accordingly, 
alternating portions of top surface 602 and bottom surface 604 of sheet 606 are exposed for an 
etching step that is shown in FIG. 7B. Also note that the mask portions 600 on top surface 602 
of sheet 606 of FIG. 6 A each superimpose a corresponding mask portion 600 on bottom surface 
604 of sheet 606, and that adjacent regions of sheet 606 are exposed at both top surface 602 and 
bottom surface 604. Accordingly, the x-y plane space between the outer portions 200b, 202b of 
the leads 200, 202 is formed by through etching from both top surface 602 and bottom surface 
604 of sheet 606, as is illustrated in the etching step of FIG. 6B. 

[0058] FIGS. 8 and 9 provide plan views of the respective photoresist masks formed on upper 
surface 602 and lower surface 604 of sheet 606, including the portions 600 that mask the 
portions of sheet 606 that become outer portions 200b, 202b and the portions 700 that mask the 
portions of sheet 606 that become inner end segments 200a, 202a of the leads. 

[0059] In the exemplary etching step illustrated in FIGS. 6B and 7B, the etching is conducted 
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until something more than half (e.g., 70-80%) of the metal of the unmasked regions of FIG. 7 A 
is removed inward from top surface 602 or bottom surface 604, as the case may be. 
Accordingly, alternating inner end segments 200a, 202a are formed that are spaced in the z- 
direction without being spaced, or without being substantially spaced, in the x-y direction (see 
FIGS. 2A and 3). Meanwhile, metal sheet 606 is etched completely through in the regions 
between mask portions 600 of FIG. 6A, thereby forming outer portions 200b, 202b of the leads 
200, 202. Adjacent outer portions 200b, 202b are spaced in the x-y plane, but not the z-direction. 

[0060] Subsequently, as illustrated in FIGS. 6C and 7C, the photoresist masks are removed from 
opposed surfaces 602, 604 of sheet 606. The partial-etch process of this method yields inner end 
segments 200a and 202a that are arranged in an alternating fashion with recesses 204 that 
separate them in the z-direction but not in the x-y plane, hi an additional step that is generally 
performed, a layer of silver, gold, palladium, nickel, or the like can be plated to inner end 
segments 200a and 202a to aid in a later process of electrically connecting (e.g., by bond wire 
attachment) a semiconductor chip to inner end segments 200a and 202a. 

[0061] The leads 200 and 202 of FIGS. 4 A and 5 may be formed by making a minor change in 
the photoresist masking patterns discussed above. For example, FIGS. 10 and 1 1 are plan views 
of opposed photoresist masks on a sheet 606 (FIGS. 6A, 7A) used to form the leads 200 and 202 
of FIG. 4 A. In FIG. 10, the photoresist mask includes portions 600 that are used to mask outer 
lead portions 200b, 202b, and portions 700 used to mask inner end segments 202a. In FIG. 1 1 , 
the photoresist mask includes portions 600 that are used to mask outer lead portions 200b, 202b, 
and portions 700 used to mask inner end segments 200a. Note that, to form pedestals 400 (FIG. 
4A) on at the inner end of leads 202, the mask 700 for the inner end segment 202a extends 
further toward the center of the sheet, and an island of masking material 1 100 is formed on 
bottom surface 604 (FIG. 7A) of sheet 606. 

[0062] FIG. 12 is a sectional diagram of an exemplary semiconductor package 1400 that 
includes leadframe 120 of FIG 2A. Practitioners will appreciate that a wide variety of 
leadframes can be made in view of the teachings herein, and that a wide variety of packages can 
be made with such leadframes. Accordingly, package 400 is just an example. 

[0063] Semiconductor package 1400 includes a semiconductor chip 1402 mounted on metal die 
pad 212 using an adhesive layer 1403. Die pad 212 is downset from leads 200 and 202. Chip 
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1402 has a plurality of bond pads 1404 that are electrically coupled to inner end segments 200a 
and 202a via a plurality of bond wires 1406. In other embodiments, this electrical coupling can 
be facilitated by conductors other than bond wires 1406. 

[0064] In the semiconductor package 1400, inner end segments 200a, 202a of the leads 200, 202 
may be formed according to the above-described photolithography and etching process, among 
other possibilities. Therefore, adjacent inner end segments 200a and 202a are separated from 
one another by gaps in the z-direction, and are not substantially separated in the x-y plane. 

[0065] Semiconductor package 1400 also includes an insulative encapsulant 1408 that fills in 
and around die pad 212, chip 1402, bond wires 1406, inner end segments 200a and 202a, and 
outer portions 200b and 2002b of leads 200 and 202. Encapsulant 1408 is typically a 
nonconductive polymer (e.g., an epoxy-based resin) that is injection or transfer molded over the 
leadframe 120 within the dam bar (not shown) of the leadframe, and then cured. The dam bar is 
removed to electrically isolate the leads. Typically, individual packages are singulated from a 
strip of leadframes that are processed as a group. The laterally extending outer, unencapsulated 
portions (if any) of leads 200, 202 maybe bent into a variety of configurations, such as gull wing 
or J-lead configurations during a trim and form operation. 

[0066] Leadframes 130 and 140 of FIGS. 4A and 5, respectively, may be provided in packages 
similar to package 1400 of FIG. 12. In a package made with leadframe 140, the semiconductor 
chip 1402 is mounted on inner end segments 200a, 202a in a flip chip style. 

[0067] Unlike previously developed metal patterning techniques, in which a substantial amount 
of unused space was left between lead inner end segments in the x-y plane, the partial- etching 
technique of the present invention provides adjacent lead inner end segments with spacing in the 
z-direction rather than in the x-y plane. This reduction of or elimination of spacing in the x-y 
plane between adjacent lead inner end segments allows a higher lead density in the leadframe 
and in the package made with the leadframe. 

[0068] While various embodiments of the invention have been shown and described, it will be 
apparent to practitioners that numerous alterations may be made without departing from the 
inventive concepts presented herein. Thus, the invention is not to be limited except in 
accordance with the following claims and their equivalents. 
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